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ABSTRACT: In view of the lack of information on the internal struc~ 
moids and of a satisfactory description of the mechanism 
of plasma acceleration in different plasma guns, and in view of the 
difficulty of interpreting the experimental results on interaction 
petween plasmoids and magnetic fields owing to the lack of this in- 


ture of plas 
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formation, a method is proposed wherein more detailed microscopic 
characteristics can be obtained with the aid of through~passage 
mass spectrometer. This mass spectrometer was used to investigate 
the mass and energy spectra of plasmuids from a Bostick gun (W. H. 
Bostick, Phys. Rev. v- 104, 2, 292, 1956). The operation of al). the 
units of the instrument is described in detail in a separate article 
(pribory* i tekhnika eksperimenta, in press). The conditions for op~ 
timal mass separation are described. In view of the short transit 
. time employed, there is no need for additional modulation. The ap~. 
paratus yields mass spectra of ions of given energy, from which the 
energy spectra of particles having different masses can be plotted. 
The angular distributions of the jons of aifferent masses and ener= 
\. gies, were also investigated and it was found that ions with larger 
&” velocities form a narrower velocity cone than the slower ions. It 
i6 therefore coneluded that rekourement of the true wnergy distribu 
tion must be accompanied by measurament of the anqulor distribution 
of the particles and the number of particles of given energy must be 
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integrated over all the angles in saae to ensure accuracy. ‘The 
duration of the discharge exerts little influence on the energy oe 
tra. The length of the plasmoid changes as it moves from the source 
because of the spread in particle velocity, and since the particle 
‘velocity decreases with increasing mass, the light ions are concen= 
trated in the frontal part of the plasmoid and the heavy ones in 

the tail part. This spatial. separation of the ions increases with 
increasing transit length. In the absence of the magnetic field 

the slow ions are rapidly ,lost because of the broad. velocity cone. 
There are grounds for assuming that the plasmoids produced by pther 
plasma guns, particularly coaxial, show a similar behavior. Orig. =: 


art. has: 9 figures. 
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ABSTRACT: The mass and energy spectra of the ions in the plasma bursts from ac 
ial plasma gun were determined with a time of flight mass spectrometer and electro- 


static analyzer described elsewhere (A.A.Kalmy*kov, A.D. Timofeyev et al,PTE,No.5,. 
142 ,1963). The attenuation of 3 cm and 8 mm microwaves by the bursts was also ob- 


: served, and the visible radiation was recorded with a photomultiplier. The plasma 
| gun was 17.5 cm long, and the coaxial cylindrical electrodes were 3 and 7.5 cm in . 
-_: paLaneter: The gun was powered by a 12 microfarad capacitor charged to 10 to 20 WV, ; 
a; {and the period of the circuit was 7 microsec. Approximately 1 cm of hydrogen (stan-.— 
{dard conditions) was admitted to the gun through a pulsed valve. Two quite diffe- 
rent nodes of operation were noted, depending on the delay betweon admitting the 


gas and firing the gui. When this delay was greater than # certain oritical value, |... 
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la single dense burst was ejected at a velocity of about 107 cm/sec. The density of 

‘this burst was at least 1044 cm79 but it contained no ions with energies greater 

| than 100 eV. The operation under these conditions was not investigated in detail, | 
.-,but it appeared to conform to the theory of L.C.Burkhard and R.H.Loveberg (Phys .Flu- . 
lids 53 ,341,1962). When the delay was less than the critical value, two bursts were : 
jejected, of which the more rapid had a density of 1015 og"3 and contained ions with; 
energies up to 20 keV. The energy spectra of these bursts varied only slightly when ; 
‘other operating conditions were changed, provided only the delay time remained less | 
_|than the critical value. ‘The ions were all accelerated simultaneously (within 0.56 ; 
‘microsec) during the first half cycle. The mcuent of origin of the ions was marked | 
‘by a Slight but very sudden decrease of the discharge current, occurring near the ot 
first peak. Heavy impurity /ions, presumably originating in the insulation and the | 
;Valve packing, were present in considerable numburs. These had the same energy dis-| 
{tribution as the protons, and hence smaller velovities. The burst could therefore in © 
principle be purified by permitting it to drift u sufficient distance. In the ab- 
lence of a magnetic field (all the work reported was performed with no longitudinal !:_- 
| magnetic field) nearly ali the low energy ions, and none of the high energy ions, | 


were lost during traversal of one meter. This is presumably due to the better colli a 
imation of the high energy ions. \it is suggested that the difference between thw tro |... 
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' modes of operation is due to the interaction of the charged particles at high den- P 
*. gities: when the delay time is short the density is moderate and the particles are 
i accelerated essentially individually; when the delay tine is long the density is 
sufficient for the interactions to become important, and they may be taken into 
| account by a magnetohydrodynamic theory such as that of Burkhard ami Loveberg (loc. 
ieit.). "In conclusion, the authors consider it a pleasant duty to express their 
gratitude to B.G,Safronov for fruitful discussions and his interest in the work." 
| Orig.art.has; 6 figures and 1 table. 
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.ABSTRACE: En @ preceding study, the authers' group CAs he Kalmy'tlcey 
.V.I. Tereshin, S. A. Trubchaninov, and ¥.G. Safronav, PhTP, 32,579, 
1962) investigated the interaction qf low-density Cro! Taqgls m3) 
(plagmuoi.zs (plasma burete) with spatially » periadtd ; ‘(a padel-madts] atid , : 
‘pather chan. continuous) magnetic fields and shaweid! that when the cam 
ditfon foc particular parametric shee phiea arn La terete stenifisant 
/kedistribution of energy {a obudtved:.ahéut $0% Jal: rt paapetaiton bt 
{ 


‘energy of the plasma-particlos ts caaeke ‘ted to Lal Hor foededcmall! ent 
‘ergy. The present paper gives the results of the {ntetaetion with | 
similar partodic fielda of conatderably higher demaity (102%-102! 3) 
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: a thi: 
plasma bursts. At such densities, iiaukd j 
significant role, Moreover, for high values of the catia &= mkt; fae } 
the modulating magnetic Field should not penetrat@d to any aopraciabie 
depth into the slasmot{d, Thus, it is difficult te pradget the experm 
{mentai results seforehans, The setup Ls dfagramad tn tha figura 
(Enclosure). The main magnetic field (By © 9.2 waberim") ts spatiaily 
modulated by a series of coils whth each successiva p&ir connecten {a 
opposition (8.5 periods of 10 em eech); at the end of the eyliadrical 
chamber is a magnetic mirror (8, ° 0.05 tro ').4 wehar/me}. Ta the 
experiments Bi Bo was ies3 than 4,074.5. Tre purpose of thea emgeri- 
_eotain evidence tndilcating resonance interaction af ‘he 
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ABSTRACT: A nonselective (black!) aptiee receiver has been. dabtguad! with eedinaey 
commercial photocells (TsV-3 and STsV=6); The receiver functions within 25000: nl 
and 4s intended for oscillographic work. The receiver sensitivity 46 1.3x10“4@:  -: 
amp/w, with an 6-mm® inlet aperture, The sensitivty is constant within + (5—~7}% ah 
.| the entire waveband, which permits determining temperature of’ "black" rediatoia | 

with an error of * 2%. The receiver can record luminous fluxes having a rise time | 
of 10°° sec or less, The temperature of the spark discharge ‘in aiv~39: pulsed 
“light source and the total energy flux associated therewith were measured wi, 

~~ T above receivers the results ware found in good agreement Ly oe 

fa eatinee of the. source. Orig. art. hast. “4 Fase Rete fiz. 
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' TITLE: Interaction between plasmoids of a magnetic field Hf acute- ang led geometry 


oe : SOURCE: AN UkrSSR. Magnitnyye lovushki (Magnetic ceapays few, Naukova duiika 1965, 
ng : 78-86 


TOPIC TAGS: magnetic field, plasmold, ops trap , magi totic find intonatty 


ABSTRACT: The authors study capture of P iptaaea in an aditezangiae trap using = 

which permit measurements for particles with various anargies for a more ddtailad in- ‘2 
| 
| 


vestigation of the mechanism responsible for the interactidn betivaen a plagaoid | and 

a magnetic field of acute-angled geometry. The acute~anglad maghatic field was ‘pro- 

duced by the appropriate connection of two coils. Maximum field intensity was appro- | 

ximately 6000 oersteds. A drift spectrometer and a plasmasicope ware used for an ex- | 

perimental investigation of the plasma emerging from the trap. It. was found that a 
‘con 
{ 


paraxial ions escape from the trap along the axis, i. a. dons which are in: motion in 
the region near the axis and make an extremely small angle with the axis. The anergy: 
spectra of hydrogen ions from plasmoids after passage throligh a inagnetic flald of i 
acute-angled geometry were compared with similar spectra for ions after passage ‘through — : 
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a homogeneous magnetic field of the same intensity. It was found! that the acute- 
angled field cuts off the high energy fons. Energy spectra-are also given for plas-- | 
moid protons after emergence from an acute~angled trap as a. function of magnetic field 
strength. These curves show a reduction in the number of ions passing through the | 
trap as the magnetic field strength is increased. An analysis of: the experimantal H 
plasmograms shows that the plasma is initially pinched as {t enters the trap ‘and ‘that | 
the central part of the plasma then moves along the axis. A halo forms around this 
eae dense central section with a radius which increases with motion along the axis in 
eee spite of a simultaneous increase in the magnetic field intensity, The generation 
ree of this halo and the increase in its diameter may be due to rotation caused by sane 
mechanism which converts the longitudinal edge component to a transverse component. 
The experimental data show that the leading edge of an acute-angled plasmoid is not | 
captured and passes through the end of the trap. A more detatled: study of tha inter- | 
en action between plasmoids and an axially symmetric magnetic field fis needed for deter- | 
mond mining conditions macessary for trapping a fast plasma. Orig. art. hag: 4 figures. 
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1965. K voprosu ob adiabatichnosti dvizheniya plazmennykh sgustkov v prodol'nom 
magnitnom pole, 1-20 


TOPIC TAGS: plasma beam, longitudinal magnetic field, plasma density 


into an axially symmetrical magnetic field, depending on the particle density in 
the beam. The deductions from the theory are compared with an experimental 
study of magnetic moments of low- and high-density plasma beams, The experi- 
ments are found to agree with the theory on the substantial influence of plasma 
density on the magnetic moment of the plasma beam, and with the theory of the 
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ABSTRACT: Tne present investigations were made with a coaxial plasma gun which 9ro- 
duced hydrogen plasmoids of density up to 1079 em> and velocities (7-8) x 107 em/sec 
(Fig. 1). The magnetic field was produced at a distance (100 em) sufficient for at- 
tenuation of the currents captured by the plasmoid. In vicw of the fact that the 
front part of the plasmoid did not have sufficient luminosity, the structure of the 
piiasmoia was investigated with a plasmascdye first described by L. A. Yelizarov and | 
A. VY. Zharinov (Nucl. Pus. 1962, suppl. 2, 699). ‘the field distribution was measured | 
with the aid of proves. The results showed that the pehavior of the plasmoids in the | 
non-uniform magnetic field was very similar to that occurring during rapid compres~ ee 
sion of the plasma in a @ pinch, and the test results ere interpreted in light of 
this phenomenon. The possible causes of the instability of the plasmoid upon enter- 
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ABSTRACT: The results in this work indicate that corrugated magnetic guiding fields 

can replace high frequency stabilization of a plasmoid surface. The period of corru- ' 
gation in the guiding fields was 10 cm, which at a plasma velocity of 2107 cm/sec cor: 
responded to a frequency of 2Mc. The modulation anplitude was about 15%--sufficient, ”|’ 
to stabilize the instability leading to a spiraling of the plasma. This is demonstrat 
ed' by a plasmascope adapted for pulsed operation. When the modulation amplitude reach 
ed 25% of the constant guiding field, some assymmetry of plasma boundary was observed, |__ 
At higher plasma velocity, the corrugated field failed to stabilize the plasma and *s. 
tongue-like protuberances were observed. Energy loss measurements show that some 204. 
of the energy remained in the plasmoid for long travel distance. This, the authors *" 
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heated "instantaneously" by the radiation of aluser, i.e., in a period of tine 
considerably shorter than the characteristic time of separation. Thermodynanic 
functions describing the state of the substance at high pressures and high tempera~ | hs 
tures Lut at normal (or near-normal) density p, were investigated. Such states can : 2 
be obtained by "instantaneous" heating of the substance (p = p_) ad its subsequent |} % 


separation (p < Do) When the layer of the substance is heated to values of ee 


rer’ 


intrinsic energies much smaller than the value. of the evaporation heat, a portion 2 
of the substance separates as the result of the interaction of rarefaction waves and: " 
the formation of negative stresses, ‘The dependence of momentum in the presence of 
the "splitting-off" effect on the quantity of supplied energy and the therm dynamic 
et: . 5 : oe 
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ABSTRACT: The authors discuss the production and acceleration of plasma in a rail . 
accelerator having plane parallel electrodes. The problem is treated in one dimension; 
all quantities being assumed to depend only on the time and on one Cartesian coor- 
| dinate, whose axis is parallel to the two electrodes and perpendicular to the electron: 
| current sheet, which is assumed to be initially present. The inertia of the electrons; 
, is neglected, and it is assumed that the electron Larnor radius 18 small compared with | 


| the electrode spacing. The electron motions are thus treated in the drift anproxima- —— 


tion when the plasina is rarefied, and with the effect of the Hall currents included 

when the plasma is dense, Ions are assuned to be formed in the current sheet and to | 
lag behind, thus producing a longifudinal polarization field, It is shown that the — 
oe and magnitude of the polarization field Play decisive roles in the shaping and 
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' acceleration of the plasma burst. To calculate the polarization field, the notion 

| of the ions is described by the kinetic equation with a term representing the pro- 
duction of ions in the forward current sheet, and several simplifying assumptions are 
introduced, including the assumptions that tho current sheet is thin and moves with 
constant velocity. It is shown that the polarization gives wise to longitudinal elec-! 
trostatic waves in the plasma, and that as a result of these oscillations there are i 
formed many closed current loops. An equation is derived relating tha velocity of the| 
conter of mass of the plasma to that of the current shuot. The eluctrodynamic accolo-+ 
ration of the center of mass is described by equations similar to those of L.A, 
Artsimovich, C,Yu.Luk'yanov, 1.P,Podgornyyiand S,A,Chuvatin (ZhETF, 33, 3, 1957) until! 
the energy begins to be expended in the production of electrostatic Seciiiations; i 
Whereas the energy of the plasma as a whole is determined by the total discharge i 
current, the energy spectrum of the plasma particles depends significantly on the dis- | 
tribution of the current within the plasma. It is found that there is an optinun 
self-inductance for maximum acceleration efficiency, below which it is not desirable ; 
to reduce the parasitic inductance of the circuit. ‘The authors thank K.D, Sinel "nikov, | 

i_V.S. Komel'kov, A.I,Morozov, A.A,Rukhadze, B,G,Safronov, and M,1,Pergament for many 

fruitful discussions. Orig. art. has: 82 formulas and 1 figure. 


| 
{ 
{ 
1 


SUBM DATE: ~-Sep66 ORIG, REF: 007 OTH REF: 011 


APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000620130004-5" 


"APPROVED FOR RELEASE: 08/10/2001 rp ec hee act as bi 


Syl SUE) BEG 


fe: 


apeOsiaas eee 
ACT RR A p6.031.269 : SOURCE CODE: UR/0057/66/096/009/1652/16 


e4 | 
a : | 63; 
| AUTHOR: Khizhnyak,N.A.; Kalmykov,A.A. ; Trubchaninov,8,A,; Naboka,V.A, boy 
i ne ee Ra riper ne gs annette eee wae on tere eee ane 
|ORG: none : ; . | 
TITLE: On the adiabaticity of the motion of plasma bursts in longitudinal magnetic .” | """ 
ptields 4 Se ae, ae 


-}SOURCE: Zhurnal tokhnicheskoy fiziki, v. 36, no. 9, 1966, 1652-1564 


«| TOPIC TAGS: hydrogen plasma, 


dense plasma, rarefied plasma, 
process, plasma magnetic field 


Plasma dynamics, adiabatic 
» nonhomogeneous magnetic field 


» magnetic moment — a 


ABSTRACT: This paper is concerned with the mo 
a longirudinally inhomogeneous axially symmetr 
{loop model, developed in a series of articles by N.A, Khizhnyak, V.G.S8afronov, and 


K.D,Sinel' nikov (Sb. "Fizika Plazmy i problomy upravlyayemogo termoyadernogo sinteza’, 
t.I. Izd-vo AN UkrSSR, Kiyev, 1963; ibid. t. II, 19 
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plasma, the equations of the generalized pliant current loop model reduce to those of (Ames 


Plasma should collapse and its magnetic moment should decrease rapidly. The theoretical 
predictions were tested experimentally, Hydrogen plasma bursts fron a Coaxial plasma “| 
gun, after traversing alm long drift tube, entered the field of a series of six 17° 
em long 8 cm inner diameter direct current solenoids, each Capable of producing a 10 

kOe field. The magnetic momentg of the Plasmas were measured with the aid of an ex- 

ternal loop and internal Magnetic probes that could be adjusted in the radial direction, 
The densities of the plasmas were determined with a shielded electrical Probe, by 
cutoff of 3 and 0.8 cm microwaves, and with a3 cm wavelength interferometer, The 
plasmas were found to behave in accordance with the theory, 


tic moments of the plasmas with densities below 10 en~3 remained constant until 


fairly rapidly, whereas the magnetic moments of the Plasmas with densities above 1014 
cm” increased as the plasmas moved int 
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$by J,L,Tuck (Phys. Rev. Lett., 3, 317, 1959) can be effective only under such con- 
ditions that the plasma traverses the magnetic field gradient region in a time shortor 
than ‘the collapse time of the plasma, which is approximately the ratio of the plasma 
circupference to the Alfven velocity. The authors thank B,G,Safronoy,V,S,Komel'kov, 


and Apademician K,D,Sinel'nikov of the AN UkrSSR for fruitful discussions, Orig. art. 
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ABSTRACT: 
‘High-speed photography was used in an investigation of the scattering of a : 
substance heated by laser radiation. The substances selected were ice and 
‘paraffin which were rapidly heated by a giant~pulse ruby laser to an energy 
-concentration smaller than the heat of evaporation Q. The pulse duration 
‘at the half flux was t= 2 x 1078 sec, The rate of scattering of the sub- — 
‘stance was determined by means of a high-speed photo-chamber with a maxinun ' 
‘speed of 5 x 107. frames per second. The splitting-off was accompanied by ; 
momentum, which was generated by the scattering of the substance. The _. — 
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release of energy Ein a surface layer with a thickness xp or mass m, in a 
‘tim t<t (characteristic time of gasdynamic processes tg x;/c, where 

c is the sonic velocity in the substance), resulted in the appearance of a 
‘pressure Po ™ (y - LE,/xy in that layer. The closing up of rarefaction 

iwaves propagating from the boundary of the heated layer led to the appearance 
lof negative stresses. When these stresses exceeded the dynam.c tensile 
‘strength of the substance, a_splitting-off took place. The maximum coefficient | 
of energy utilization — = IYQ/E was found to be at an energy concentration 

in a unit of mass close to Q.and lower, and can reach values close to 

maximum values at high energy concentrations (above the heat of evaporation). 
The authors thank their laboratory colleagues Ya. T. Gnoyevoy and B. M. : 
,Zubenko and V. S. Savinich, a student at the Moscow rannvenee Cecmnaea Institute, 
: for their help in the work. ad: 7 ae , [vA] 
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